Introduction
Shrews belong to the most conservative order of eutherian mammals, the insectivores (Eisenberg, 1981) . The anatomy of the male excurrent duct system has been briefly described by Brambell (1935) and by Pearson (1944) but histological study has been limited to only two portions of the ductus deferens (Ärnbäck-Christie-Linde, 1907) . A detailed description of the morphology of the excurrent duct system as seen in tissue prepared using modern techniques is lacking.
Many workers have examined the regional differentiation and species variations of the excurrent duct. For example, in the epididymis, Nicander (1957 Nicander ( ,1958 and Reid & Cleland (1957) have demonstrated 8 different regions and, more recently, Glover & Nicander (1971) have suggested that histologically, cytologically and functionally the epididymis should be divided into three main regions : initial, middle and terminal segments, the first two of which are concerned with sperm maturation and the last is the sperm store. However, the extent to which these terms are applicable to all mammalian epididymides has yet to be established as has the functional significance of variations in the ductus deferens (Hamilton & Cooper, 1978; Ramos, 1979) .
We have previously examined the epididymis of the European mole, Talpa europaea (Suzuki & Racey, 1976) . To extend our observations on insectivores, we examine here the excurrent duct May-September. Immediately after death, the testes and the excurrent duct systems were fixed in 2-5% glutaraldehyde and 1% paraformaldehyde in either 0-05 M-cacodylate or -phosphate buffer at pH 7-4. Four individuals were fixed by intravascular perfusion through the thoracic aorta with the same fixative. For light microscopy, the organs were separated into four blocks : testis, the proximal and the distal parts of the epididymis, and the ductus deferens with the ampulla. The blocks were dehydrated with a graded series of ethanol solutions and embedded in glycol methacrylate resin. Sections cut with glass knives were stained with toluidine blue. For transmission electron microscopy, small blocks of tissue were taken from the rete testis, ductuli efferentes, and several different points of the epididymis. They were post-fixed for 1 h with 1% osmium tetroxide buffered with cacodylate, and were dehydrated with a graded series of ethanol solutions before they were treated with 01% uranyl acetate in 95% ethanol for 20 min. After Fig. 6 ). Outside the basal lamina, capillaries often penetrate into the thin smooth muscle layer, the cells of which are arranged at right angles to the long axis of the tubule.
Epididymis
Three portions of the epididymis, the caput, corpus and cauda, are clearly recognizable anatomically (Text- fig. 1 ; PI. 1, Fig. 1 (PL 4,  Fig. 9 ; PI. 5, Fig. 13 spermatozoa suspended in an amorphous substance. In the proximal part of this segment, the lumen is narrowest, but it increases distally. The principal cells of this segment contain absorbing vacuoles of about 0-8 µ in diameter, which in some cases themselves contain vesicles (PI. 5, Fig.  13 ). The vacuoles are more common in the proximal part of the middle segment (PI. 4, Fig. 11 ). In the terminal segment, the wide lumen is filled with spermatozoa (PI. 3, Fig. 8 ) although their density is lower than in the middle segment. The height of the lining epithelium is 6-2 + 1-1 µ (s.d.) and is only about half as tall as that in the more proximal segments (Text- fig. 2 ). The smooth muscle layers remain thin even at the caudal flexure. In some individuals, large glycogen granules are found around the nucleus of the principal cells (PI. 6, Fig. 14) .
Ductus deferens
The ductus deferens is about 16 mm long. It is grossly subdivided into three different regions.
The proximal part is the epididymal portion of the ductus deferens (pars epididymica), where the duct is is still tortuous (PI. 3, Fig. 8 ). The straight middle portion is slender at the proximal half and gradually widens in the distal half (Text- fig. 1 ; PI. 1, Fig. 1 ). It then constricts slightly before it joins the conspicuous ampulla, which gradually tapers distally to its junction with the urethra (Text- fig.  l ; Pi. l, Fig. l) .
With the exception of its passage through the ampulla, the ductus deferens shows a similar structure throughout its length. The lumen of the proximal part of the ductus deferens is much narrower than that of the terminal segment of the epididymis (PI. 3, Fig. 8 Fig. 8 ), due to the addition of the large smooth muscle cells to the thin smooth muscle, which surrounds the epithelium both in the ductuli efferentes and epididymis.
The duct, which is the direct extension of the straight portion of the ductus deferens, passes through the long axis of the ampulla and thus appears in the centre of the cross section. Many glands are arranged radially around this central duct, and give it an alveolar appearance (PI. 6, Fig.  16 Fig. 16, inset) . The central duct is also lined with the same type of cell. Over 10 layers of smooth muscle cells surrounded the glands at the periphery of the terminal swelling (PI. 6, Fig. 16 ).
Discussion
Towards the ends of the seminiferous tubules, in many of the mammalian species examined, there is a gradual depletion of germ cells and the short terminal segment is lined only by Sertoli cells or modified Sertoli cells (Dym, 1974; Wrobel, Sinowatz & Mademann, 1982) . There is then an abrupt transition from the Sertoli cell epithelium to the simple cuboidal or columnar epithelium of the tubuli recti (Dym, 1974 (Dym, , 1976 . This was confirmed in the present study in the shrew, although the transition tubule (equivalent to the tubuli recti) is not straight.
The mammalian rete testis can be classified into two types, superficial and axial, according to the gross anatomy. The rete testis of the shrew is superficial, like that of the rat (Roosen-Runge, 1961 ; Dym, 1976) and the presence of glycogen-rich cells in the epithelium is remarkable in this species. Such conspicuous glycogen storage in the epithelium lining the distal segment of the tubuli recti and neighbouring portions of the rete testis has been reported only in the guinea-pig by Fawcett & Dym (1974) , who demonstrated the extraordinary concentration of glycogen granules by the use of ferrocyanide-reduced osmium textroxide after glutaraldehyde fixation. Although glycogen is less well preserved in our conventionally fixed specimens, sufficient remained for its identity to be confirmed in the electron microscope. Since the topographical characteristics of the glycogen-rich cells, such as a plump columnar form, juxtaluminal position of the nucleus and the presence of cell organelles in the peripheral cytoplasm, are similar to those of the guinea-pig (Fawcett & Dym, 1974) , there is little doubt that glycogen is densely packed in vivo in the shrew. Although the functional significance of such large amounts of glycogen is unknown, the present observation provides another example of glycogen-rich cells in the excurrent duct system of mammals. In the shrew, however, the glycogen-rich cells are restricted to the rete testis and are not found in the tubuli recti.
The absorptive function of the proximal part of the excurrent duct is well known (Crabo, 1965) . The route of absorption of testicular fluid has been established by following the uptake of vital dyes (Montorzi & Burgos, 1967) : the canalicular invaginations, the vacuoles and lysosomal bodies provide the machinery for absorption, and were also found in the shrew. The intercellular pathway for fluid absorption may also exist in the ductuli efferentes, since tight junctions between epithelial cells are poorly developed in many mammalian species examined (Suzuki & Nagano, 1978; Nagano & Suzuki, 1980 ). The present study shows that the tight junctions of the shrew are also poorly developed in the ductuli efferentes, but unlike those of rats (Suzuki & Nagano, 1978) , mice, guinea-pigs or man (Nagano & Suzuki, 1980) , they are not associated with belt-like gap junctions. The presence of fenestrations in the capillary endothelium has been demonstrated in the guinea-pig (Ladman & Young, 1958) and in the mouse (Suzuki, 1982) , where they may form part of a fluid drainage system. Although the capillary endothelium of the shrew is continuous, the capillaries penetrate into the smooth muscle layer, and may fulfil a similar function.
The epididymal duct shows functional and histological variations along its length, and its zonation has been reported in many mammals including the rabbit (Nicander, 1957), stallion, bull, ram (Nicander, 1958) and rat (Reid & Cleland, 1957) . Although variations preclude exact correspondence of the segments between different species, the first part of the epididymal duct has features common to many mammals, and Benoit (1926) called this part the initial segment. Glover & Nicander (1971) included the middle and terminal segments in addition to the initial segment in their general terminology of the mammalian epididymis. In many mammals the initial segment is clearly demarcated by connective tissue septa, but in the shrew epididymis septa are poorly developed and segmentation is not clear. Nevertheless, the initial segment of the shrew epididymis has some histological characteristics common to those of other mammals, such as a low density of luminal spermatozoa and long stereocilia, but differs from the standard description by Glover & Nicander (1971) in that the epithelial height is not conspicuously greater than that of the ductuli efferentes and the middle segment. In the middle segment of the shrew epididymis, the luminal spermatozoa are more concentrated, as in other mammals (Glover & Nicander, 1971) , and the vacuoles that characterize the principal cells of this segment are commonly seen, particularly in the proximal part of this segment. They are, however, smaller in size than those of the hamster (Nicander & Glover, 1973) , the rabbit (Jones, Hamilton & Fawcett, 1979; Nicander & Plöen, 1979) , the mole (Suzuki & Racey, 1976) . The wide lumen and the low epithelial height and virtual absence of large vacuoles in the terminal segment of the shrew epididymis are features common to this segment in other mammals (Nicander & Glover, 1973 ; Nicander & Plöen, 1979) . However, in the shrew, the smooth muscle investment does not show a proximodistal increase in thickness before the caudal flexure, and the large smooth muscle cells, which are added to the small smooth muscle-like cells at the transition from the corpus to the cauda in more advanced mammals (Baumgarten, Holstein & Rosengren, 1971) , appear distal to the caudal flexure in the shrew. Morphologically, the cauda epididymidis appears to function as a sperm reservoir in the shrew, but the spermatozoa in this reservoir may not be used at the time of ejaculation, since the smooth muscle cells, which are responsible for the expulsion of spermatozoa during ejaculation (Baumgarten et ai, 1971) , are absent from this portion. The cytological differences of the principal cells between the epididymal regions are also not as clear in the shrew as they are in some other mammals. Neither the lipid-rich zone seen in moles (Suzuki & Racey, 1976) , guinea-pigs (Hoffer & Karnovsky, 1981) and rabbits (Jones et al., 1979) nor the zone rich in smooth endoplasmic reticulum seen in rabbits (Jones et al., 1979) are observed in the shrew epididymis. As a whole, although the three segments proposed by Glover & Nicander (1971) are fundamentally recognizable in the shrew epididymis, the regional variations are less conspicuous when compared with those in other insectivores, such as the mole (Suzuki & Racey, 1976) .
In the juxtaluminal position of the nucleus, the short microvilli, and the presence of apical vacuoles, the mitochondrion-rich cell of the shrew epididymis resembles the narrow cells of the initial segment of the adult rat epididymis (Sun & Flickinger, 1980) . Similar mitochondrion-rich cells have been reported in the human ductus deferens (Hoffer, 1976) , and in the monkey epididymis (Ramos & Dym, 1977) . Cohen, Hoffer & Rosen (1976) have demonstrated carbonic anhydrase activity in cells with apical nuclei in the initial segment and zone 2 of the rat caput epididymidis, and in the clear cells of the more distal regions, and have suggested that these cells might be involved in the process of acidification and alkalinization that occurs along the length of the duct. However, it has been pointed out subsequently that the cells with apical nuclei correspond to the narrow cells described by Sun & Flickinger (1980) as containing numerous mitochondria, rather than to the apical cells described by Reid & Cleland (1957) . Glover & Nicander (1971) include the proximal convoluted portion of the gross anatomical ductus deferens of scrotal mammals in the terminal segment of the epididymis. However, the tall columnar principal cells described in the ductus deferens of the human (Hoffer, 1976) , rat (Hamilton & Cooper, 1978) , and monkey (Ramos, 1979) are absent from the shrew. Moreover, the principal cells of the straight middle portion of the shrew ductus deferens show some cytological characteristics common to the terminal segment of the epididymis. These observations support the view that the whole length of the gross anatomical ductus deferens of the shrew should be included in the terminal segment of the epididymis. However, we prefer to refer to these regions as 'ductus deferens', because some cytological features of the principal cells of the proximal convoluted portion, such as long and thick stereocilia, deviate from the criteria suggested by Glover & Nicander (1971) , and the musculature is much like that of the ductus deferens of scrotal mammals.
The present observations on the shrew suggest that the distal half of the straight portion of the ductus deferens as well as the cauda epididymidis functions as a sperm reservoir. It is interesting to consider these two separate sites of sperm storage in the Wolffian duct in relation to the position of the testes, which are located in shallow pouch-like extensions of the posterior end of the abdominal cavity (Pearson, 1944) . Glover & Sale (1968) , Glover & Nicander (1971) and Glover (1973) pointed out that the sperm reservoir is located at the distal pole of the testis in scrotal mammals, but in testicond mammals the homologous area is located in the pelvic cavity while the testes are situated immediately caudal to the kidneys (Text- fig. 3 ). In this respect, the shrew exhibits an intermediate position between the testicond and the scrotal mammals, with sperm reservoirs located both at the distal pole of the testis and just proximal to the ampulla. The microscopical appearance of the accessory gland of reproduction situated between the terminal swelling of the ductus deferens and the urethra in the shrew Sorex araneus in this study corresponds well with the description and line-drawing by Arnbäck-Christie-Linde (1907) for S. vulgaris (= S. araneus). The glandular appearance is similar to that of the ampulla of the monkey (Ramos, 1979) , although the lumen of the central duct of the terminal swelling is narrower than that of the ampulla of ruminants or primates. Ärnbäck-Christie-Linde (1907) referred to this structure as an ampulla and its position and structure are consistent with such nomenclature (Mann, 1964) .
